Objectives. To determine the breadth of outcome domains used in the reporting of adult cochlear implant surgery for the purpose of registry and quality measure development.
S ince its Food and Drug Administration approval in 1984, .58,000 adults and .38,000 children have received a cochlear implant in the United States. 1 Thus, outcomes research in cochlear implantation is a topic remarkably deserving of scientific interest, given the high priority assigned by the Institute of Medicine, 2 the detailed process involved in obtaining an implant, and the cost of roughly $60,000 for 1 implant. We previously described why quality measures should be developed for cochlear implant centers, 3 and the demand for this type of work is high among the otologic community. 4 Many studies have evaluated the impact of cochlear implants in adults, primarily focusing on objective measures assessed by audiologists such as speech perception scores. It is widely accepted that cochlear implant ''performance'' is measured with open-set speech recognition. Additional outcomes have been studied as well, including health-related quality of life, 5,6 music perception, 7, 8 and hearing preservation. 9, 10 Although such studies have eloquently shown the improvements possible with a cochlear implant in various outcome domains, none have attempted to comprehensively assemble the range of domains affected by cochlear implantation. As part of a research effort to develop quality measures for adult cochlear implant centers, we undertook this study. Children usually attempt to acquire language and attend school at the same time, and they have a much higher incidence of otitis media, leading to potential infectious complications with the implant-all of which adds multiple layers of complexity and other outcomes not shared among adults. Thus, we chose to focus on adults first, and the analogous review for children is currently under development. Our main objective in this study was to explore and compile the various outcome domains used in the reporting of adult cochlear implant surgery in randomized controlled trials.
Methods

Search Strategy
No review protocol was published for this study. Based on the PICOS format (population, interventions, comparators, outcomes, and study designs) for this systematic review, (1) the population and intervention of interest were adults aged .18 years undergoing cochlear implantation; (2) the comparison was deaf adults aged .18 years without a cochlear implant; (3) the reported outcome from the included study was the main question of interest; and (4) the study designs were randomized clinical trials, meta-analyses, and systematic reviews. The published literature was searched through strategies created by a medical librarian. Based on a combination of standardized terms and natural language terms collected from on-topic articles, these strategies were implemented in Ovid MEDLINE, EMBASE, Scopus, CINAHL, Cochrane Database of Systematic Reviews, Cochrane Central Register of Controlled Trials, Database of Abstracts of Reviews of Effects, and clinicaltrials.gov. Databases were searched from database inception to July 2015. Full search strategies are provided in the appendix (see www.otojournal.org/supplemental). This study was conducted as part of a larger study to develop quality measures for adult cochlear implant centers, with methods adapted from the American College of Cardiology / American Heart Association. 11 
Study Selection
As recommended by the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses) statement, 12 2 authors (P.M.V., J.E.C.L.) reviewed the abstracts. At the abstract review level, studies were excluded (1) if they were not randomized controlled trials, (2) if they focused exclusively on children, (3) if they did not focus specifically on cochlear implantation, and (4) if they were animal or cadaver studies. Full texts were then screened, and excluded if they (1) were published prior to 2001, (2) were not truly randomized, controlled trials, (3) included \10 patients in the study, (4) used non-English speech perception tests, (5) were not focused on cochlear implantation, or (6) did not differentiate between adults and children in the results (Figure 1 ).
Data Extraction
Outcome measures used in each study were extracted from the methods and results sections, by listing the measure and domain being studied. The required data were also extracted for completing a modified version of the Cochrane Collaboration's Risk of Bias Tool, including information on random sequence generation, allocation concealment, and blinding, for example. 13 In the case where this information was not available in the manuscript, corresponding authors were contacted via email.
Analysis
The Cochrane Collaboration's Risk of Bias template was used for reporting the risk of bias for each study, and outcome domains were summarized by including the measure used in the study. Due to the innate heterogeneity of the data in this systematic review, a meta-analysis was not performed.
Results
There were 4473 unique citations, and of 26 full texts screened, 8 were included for analysis ( Figure 1 ). 14-21 All 8 studies were evidence level 1B. Overall risk of bias was high in 6 of 8 studies, most commonly attributed to a lack of blinding of participants and/or personnel (4 of 8) and less so to enrollment being terminated early for concerns about differences among treatment groups (n = 1) and to selective reporting (n = 1; Table 1 ).
In total, 228 participants were included in this systematic review. The participants studied had a mean age of 58.3 years (range, 18-87), and of studies that reported the participants' sex, 62% were women (5 of 8 studies, 103 of 165 participants). Of studies that reported the implant manufacturer (n = 208 implants), 64% were made by Cochlear Corporation, 27% by Advanced Bionics, and 8% by MED-EL. Mean follow-up time was 5.3 months.
The most common outcome domains examined in randomized controlled trials of adult cochlear implantation were speech perception (4 of 8 studies), timbre perception (3 of 8 studies), and quality of life (2 of 8 studies). Additional domains included pitch perception, speech tracking, fitting time, electrode impedance, functional imaging, functional measures, vestibular function, and hearing preservation ( Table 2) . Most studies examined .1 domain (mean = 2.3 domains per study).
Discussion
In this systematic review of randomized controlled trials in adults, we found a core set of outcome domains that are affected by restoring hearing in postlingually deafened adults through cochlear implantation ( Table 2) . While commonly discussed domains such as speech perception and quality of life were included, additional domains, such as fitting time, pitch, and timbre perception, were studied. Risk of bias was high in the majority of studies included, most commonly because of lack of blinding.
On the basis of our analysis, we believe that the results represent a broad selection of outcome domains, which can-and, in some cases, should-be captured in registries and used for quality measure development for adult cochlear implant centers. Although this study was not designed to capture the ideal measure to use for each outcome domain, there are many publicly available validated measures that should be used for this purpose in the future. For example, health-related quality-of-life improvements after cochlear implantation have been shown with the Health Utilities Index Mark III. 22 In addition, the Minimum Speech Test Battery, including the consonant-nucleus-consonant test, has been recommended for measuring speech perception in implantees. 23 We recommend that validated measures be used if the outcome domains described in this study are to be measured in the future, in a registry or other prospective study. Table 3 provides an assessment of instruments used for the various outcome domains measured in cochlear implantation. It is important to note that there are many instruments not included in this assessment, as this we included only the instruments used in the included studies. A more complete description of all the available instruments is beyond the scope of this article.
One of the challenges in developing quality measures for a procedure with a delayed outcome is that the outcome must be measured at an appropriate time. Several landmark studies have shown that implantees take several months to show improvements in speech perception 24 and that benefits from bilateral hearing, such as squelch and localization, peak at around 12 months. 25, 26 Thus, for the measurement of outcomes such as speech perception and quality of life, we believe that it would be reasonable to wait until 12 months to have a final measurement of impact. Other process-based quality measures should be measurable either at or near the time of surgery.
Although we sought to find a comprehensive list of outcome domains in adult cochlear implantation, many domains studied have not been subject to randomized controlled trials and were thus not included in this analysis. This obviously relates to the nature of surgery as a therapeutic intervention and the ethics of randomly allocating patients. This is a limitation of this study, and if we had included systematic reviews or observational studies, we would have found a larger collection of outcome domains. However, we believe that by focusing on randomized controlled trials, we limited the studies to those done with a minimum level of rigor, requiring prospective trial design and a clear causal explanation for the outcome studied. Similar studies have been done in other fields, such as orthopedics, where the researchers used a summary of randomized trials to study patient-reported outcomes. 27 Others in otolaryngology have systematically reviewed observational studies 28 and described outcome domains such as postoperative infection rates and explants due to infection, 29, 30 in addition to speech perception. Additional observational studies have described improvements in depression and cognitive function in the elderly. 31 Future research could examine the impact of a cochlear implant on the ability to return to the workforce and other markers of social functioning to fully capture the broad and lasting impact of cochlear implantation in adults.
Conclusion
This study serves as a starting point for registry development and quality improvement research in cochlear implantation. Future researchers should consider these various domains affected by cochlear implantation in adults. 
